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'Nithis  thesis  investigates  two  vehicle  control  policies 
utilized  to  restrict  delivery  vehicles  in  the  vicinity  of  down- 
town shopping  malls.  The  two  policies  analyzed  are  complete 
vehicle  prohibition  from  the  mall,  and  time-restricted  access 
to  the  mall  by  delivery  vehicles.  Under  the  time-restricted 
policy,  delivery  vehicles  would  be  prohibited  from  entering 
the  mall  during  the  times  of  peak  pedestrian  and  transit  ve- 
hicle flow. 

The  impacts  of  these  policies  which  are  of  prime  concern 
to  carriers  relate  directly  to  the  increased  time  necessary  to 
perform  a given  number  of  deliveries  as  a result  of  these  policies, 
This  reduced  productivity  results  in  an  increase  in  the  short 
run  costs  of  the  carriers.  The  proposed  mall/transitway  for 
State  Street  in  Chicago  was  selected  as  a case  study 

In  order  to  measure  the  increased  time  it  takes  to  mditeL 
deliveries  under  the  proposed  vehicle  control  policies,  a series 
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o£  queuing  simulations  were  constructed.  Two  different  methods 
of  making  a delivery  were  identified  in  the  case  study.  They 
were  the  on-street  or  curb  side  deliveries,  and  the  off-street 
or  alley  deliveries.  The  control  policy  that  prohibits  entry 
to  the  mall  results  in  on-street  deliveries  being  diverted  to 
cross-street  loading  zones.  The  effects  of  this  were  simulated. 

The  alley  deliveries  were  simulated  under  the  policy  that  pro- 
hibited entry  to  the  mall,  and  under  the  policy  that  permitted 
them  time-restricted  entry  and  exit  on  State  Street. 

In  almost  all  cases,  the  vehicle  control  policies  result 
in  increased  costs  to  the  carriers.  Alternative  ways  to  reduce 
these  increased  costs  are  discussed  briefly,  but  not  simulated. 
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Chapter  1 


INTRODUCTION  AND  BACKGROUND 

1.1  Introduction 

Most  studies  of  the  movement  of  urban  goods  have 
investigated  policies  to  reduce  the  perceived  social  costs 
of  truck  operation.  Less  attention  has  been  given  to  the 
costs  to  the  carriers  if  these  policies  were  implemented. 
The  construction  of  downtown  shopping  malls  in  the  retail 
districts  of  central  cities  requires  the  use  of  vehicle 
control  policies.  Two  of  these  policies  are  complete  ve- 
hicle prohibition  from  the  mall,  and  time -restricted  ac- 
cess to  the  mall  by  delivery  vehicles.  The  proposed  mall/ 
transitway  for  State  Street  in  Chicago  was  selected  as  a 
case  study  to  measure  the  costs  to  carriers  if  these  pol- 
icies were  introduced.  A surrogate  for  measurement  of 
these  costs  is  the  extent  of  the  increase  in  time  neces- 
sary to  perform  deliveries  under  these  policies.  This 
increase  was  obtained  from  a series  of  queuing  simulations 
of  the  delivery  operations. 

1.2  Previous  Studies  and  Proposals 

The  pick  up  and  delivery  operation  (PUD)  is  a facet 
of  urban  goods  movement  (UGM)  which  involves  the  collection 


1 


2 


o£  goods  from  several  origins  in  the  metropolitan  region 
for  delivery  to  a terminal  for  line  haul,  or  the  distri- 
bution of  goods  from  the  line  haul  terminal  to  numerous 
destinations  in  the  urban  area.  In  some  cases,  the  PUD 
vehicle  may  perform  the  line  haul  function  as  well. 

A study  done  by  Wilbur  Smith  and  Associates  (31) 
in  1969  was  the  first  serious  look  at  PUD  operation.  This 
and  most  subsequent  studies  were  from  the  viewpoint  of  a 
public  policy  planner  who  was  still  amassing  data,  and 
speculating  upon  possible  government  imposed  programs  to 
alleviate  perceived  industry  problems.  Many  of  these  pro- 
grams have  centered  around  implementation  of  a consolida- 
tion concept  [see,  for  example.  Parsons  (4)]  or  a night- 
time delivery  program  such  as  Project  Moondrop  in  London 
(25).  The  principal  concern  to  date  has  been  for  the  re- 
duction of  perceived  social  costs  of  truck  operation  such 
as  congestion  effects  upon  auto  movement,  noise  pollution, 
and  aesthetic  pollution.  The  costs  to  the  carriers  if  the 
proposed  policies  were  introduced  has  received  much  less 
attention. 

1.3  Downtown  Shopping  Malls  and  Urban  Goods  Movement 

An  increasingly  common  public  project  that  will 
have  an  effect  upon  the  costs  of  the  carriers  is  the  con- 
struction of  downtown  shopping  malls.  The  retail  centers 
of  many  of  the  cities  in  this  country  are  undergoing 
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stagnation  or  a decline  in  sales  revenue.  In  an  attempt 
to  halt  and  reverse  this  trend,  some  cities  have  proposed 
that  the  streets  of  their  retail  centers  be  closed  to  pri- 
vate vehicular  traffic  and  returned  to  pedestrian  use. 
Provision  of  pedestrian  amenities  in  these  traffic-free 
environments  is  intended  to  ^attract  some  of  the  suburban 
sales  dollars  back  to  the  dovmtown,  and  spur  investment 
in 'the  central  city.  In  some  cases,  bus  or  light  rail 
transit  is  permitted  to  remain  within  a right  of  way  on 
the  mall. 

Coincident  with  provision  of  an  attractive,  traf- 
fic-free environment  for  the  pedestrian,  however,  is  the 
necessity  of  continuing  to  provide  goods  delivery  to  the 
retail  establishments  in  the  vicinity  of  the  mall.  Sev- 
eral vehicle  control  policies  have  been  proposed  to  main- 
tain the  pedestrian  environment  as  much  as  possible,  yet 
accomplish  the  necessary  deliveries.  One  of  these  poli- 
cies involves  complete  vehicle  prohibition  from  the  mall. 
This  would  have  the  greatest  effect  upon  vehicles  which 
provide  on-street  deliveries  to  merchants,  either  directly 
across  the  curb  to  the  retailer's  front  door  or  through  a 
service  elevator,  delivery  chute,  or  stairwell  within  the 
sidewalk  itself.  These  vehicles  would  be  forced  to  park 
on  side  or  cross  streets  and  carry  or  hand  truck  goods 
some  distance.  This  policy  would  not  seem  to  have  a great 
impact  upon  vehicles  that  deliver  to  retailers  through  a 


grade -separated  service  tunnel  beneath,  unless  the  entry 
point  to  either  of  these  is  from  the  street  that  is  to  be 
designated  as  the  mall.  An  example  where  an  extensive 
alleyway  system,  many  off-street  loading  doors/docks,  and 
few  curb-side  deliveries  permitted  successful  implementa- 
tion of  this  policy  of  complete  vehicle  prohibition  is 
the  Nicollet  Mall  in  Minneapolis  (1)  (22)  (40). 

A second,  less  extreme  policy  is  one  of  time-re- 
stricted access  to  the  mall  by  delivery  vehicles.  Car- 
riers making  curb  side  deliveries  to  buildings  without 
off-street  facilities  would  be  permitted  entry  to  the 
mall  only  during  specified  hours.  Vehicles  that  must 
enter  an  alley  from  the  mall  to  make  a delivery  to  a 
building’s  loading  door  or  recessed  loading  dock  will 
be  permitted  access  across  the  mall  during  these  hours 
as  well.  Obviously,  this  second  policy  is  less  desir- 
able from  the  point  of  view  of  preserving  the  pedestrian 
environment . The  nature  of  the  downtown  of  many  older 
cities  is  such  that  their  narrow  alleyways  and  few  off- 
street  facilities  preclude  complete  vehicle  prohibition 
from  the  mall.  In  newer  cities,  with  ordinances  re- 
quiring off-street  facilities  in  all  new  construction, 
this  policy  may  not  be  as  severe.  Copenhagen's  Str^get 
is  an  example  of  operation  under  a policy  of  time— re- 
stricted access  (19). 
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The  use  of  either  of  these  policies,  or  variations 
of  them,  depends  upon  the  unique  physical  characteristics 
of  the  retail  center  of  the  city  under  consideration.  As 
discussed  above,  the  implementation  of  either  of  them  will 
have  an  effect  upon '-the  carriers  serving  the^area.  -In  an 
attempt  to  show  these  -effects  in  terms  of  the  increased 
time  it  takes  to  make  deliveries,  and  hence,  the  increase 
in  short  run  marginal  costs  to  the  carriers,  a case  study 
was  selected.  This  case  study  is  the  proposed  mall/tran- 
sitway for  State  Street  in  Chicago. 

1.4  The  Case  Study  Area 

State  Street  is  the  major  downtown  retail  district 
of  Chicago,  with  over  $600  million  in  retail  sales  annually 
(31) . The  construction  of  a mall/ transitway  on  this  street 
has  several  objectives,  including  the  improvement  of  public 
transportation  services  to  and  within  the  downtown  area, 
the  enhancement  of  the  pedestrian  environment  on  State 
Street,  and  the  stimulation  of  the  economy  of  the  central 
area. 

The  transitway  is  to  extend  nine  city  blocks  along 
State  Street,  from  Wacker  Drive  on  the  north  to  Congress 
Parkway  on  the  south.  The  location  of  the  project  in  re- 
lation to  the  rest  of  the  downtown  area  is  shown  in  figure 
1.1.  The  existing  roadway  of  six  lanes  will  be  narrowed 
to  two  exclusive  bus  lanes,  with  boarding  bays  at  the  end 


Figure  1-1,  Location  of  State  Street  Transitway. 
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of  each  block.  Cross  streets  will  remain  open  to  general 
traffic.  The  use  of  the  two  lanes  is  to  be  restricted  to 
Chicago  Transit  Authority  (CTA)  buses  and  to  emergency 
vehicles  with  exceptions  for  some  delivery  vehicles  to 
be  noted  later.  Over  2600  CTA  buses  use  State  Street 
each  day,  with  approximately  ,120  buses  in  each  direction 
during  the  peak  hour.  During  the  peak  15  minute  period, 
scheduled  bus  headways  are  20  seconds.  It  is  anticipated 
that  removal  of  private  vehicles  from  State  Street  will 
reduce  significantly  the  time  for  a bus  to  traverse  these 
nine  blocks. 

Pedestrian  amenities  are  to  include  widened  side- 
walks, street  furniture,  tree  planters,  fountains,  new 
lighting  fixtures,  new  informational  signing,  etc.  The 
reduced  vehicle/pedestrian  conflict  on  the  transitway  will 
permit  easier  crossing  of  State  Street  by  the  pedestrian. 
Removal  of  the  delivery  vehicles  from  State  Street  is  one 
of  the  prime  considerations  in  preserving  the  pedestrian 
environment . 

The  delivery  of  goods  to  this  retail  area  is  a 
non-trivial  problem.  The  Warnke  and  Zavattero  study  (42) 
shows  that  the  number  of  trips  terminated  per  acre  for 
the  Central  Business  District  (CBD)  of  Chicago  is  the 
highest  in  the  Chicago  Area  Transportation  Study  (CATS) 
eight-county  region.  The  purpose  of  the  thesis  is  to 
identify  the  immediate  impacts  of  the  transitway  project 
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upon  the  delivery  costs  of  the  carriers  serving  the  State 
Street  retail  area. 

Two  different  types  of  deliveries  need  to  be  dis- 
tinguished from  one  another.  These  are  the  on-street  or 
curb-side  deliveries,  and  the  off-street  or  alleyway  de- 
liveries. Closure  of  State  Street  to  delivery  vehicles, 
will  affect  each  type  of  delivery  in  a different  way. 

The  curb-side  deliveries  will  be  diverted  to  load- 
ing zones  on  the  cross  streets.  The  Chicago  Department  of 
Public  Works  (DPW)  study  (26)  recorded  data  on  curb -side 
deliveries  on  the  east  and  west  sides  of  State  Street  for 
the  central  seven  of  the  nine  blocks  that  comprise  the 
mall.  The  deliveries  for  the  northern-most  and  the  south- 
ern-most blocks  were  not  tabulated  due  to  the  insignificant 
number  involved  or  the  marginal  retail  nature  of  the  block. 
The  number  observed  on  the  west  curb  of  State  Street  was 
approximately  four  times  the  number  observed  on  the  east 
curb.  This  is  due  primarily  to  the  poorer  alleyway  sys- 
tem serving  the  blocks  west  of  State  Street. 

In  general,  the  alleys  east  of  State  Street  are 
wider  and  run  north  and  south;  the  alleys  west  of  State 
are  narrow,  and  run  east  and  west.  Closure  of  State  is 
not  likely  to  have  a severe  impact  upon  the  alley  deliv- 
eries to  the  east  of  State,  due  to  the  north-south  orien- 
tation of  the  alleys  and  the  fact  that  the  cross  streets 
will  remain  open.  In  addition,  the  fewer  curb-side 
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deliveries  on  the  east  side  of  State  can  be  diverted  to 
these  alleys.  The  DPW  also  recorded  the  numbers  of  vehi- 
cles entering  the  alleys  from  State.  All  of  these  serve 
the  blocks  west'  of  State.  Again,  the  northern-most  block 
was  not  recorded,  due  to  'the  insignificant  number  of  vehi- 
cles involved.  The 'Study  area 'for  purposes  of  this  thesis 
is  thus  redefined  to  encompass  the  blocks  and  alleys  west 
of  State , between  Lake  on  the  north  and  Van  Buren  on  the 
south. 

1.5  Outline  of  the  Thesis 

As  discussed  in  the  introduction,  the  purpose  of 
this  thesis  is  to  measure  the  costs  to  the  carriers  if  the 
proposed  vehicle  control  policies  were  introduced.  Chap- 
ter 2 discusses  how  the  increased  time  to  make  a delivery 
under  these  policies  will  be  converted  to  a dollar  value 
through  the  use  of  labor  cost  figures.  The  theory  behind 
the  construction  of  the  queuing  model  to  measure  the  in- 
creased time  is  discussed  in  Chapter  3.  Chapter  4 de- 
scribes the  analysis  that  is  necessary  to  determine  confi- 
dence intervals  about  estimates  of  the  mean  wait  time  in 
the  queue.  These  estimates  are  obtained  from  the  queuing 
simulations.  The  detailed  discussion  of  the  models  for 
the  on-street  deliveries  and  the  results  of  those  simula- 
tions are  contained  in  Chapter  5.  Similar  information  on 
the  off-street  deliveries  is  contained  in  Chapter  6 for 
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each  individual  alley.  Chapter  7 briefly  discusses  some 
alternative  policy  and  facility  changes  that  could  serve 
to  reduce  the  magnitude  of  the  increased  costs  observed 
in  the  simulation  results.  Chapter  8 contains  the  summary 
and  conclusion.  An  explanation  of  the  notation  used  in 
the  discussions  of  the  queuing  theory  and  the  statistical 
analysis  is  in  Appendix  A.  The  simulation  programs  are 
in  Appendix  B. 


Chapter  2 


OPERATING  COSTS  OF  THE  CARRIERS 

2.1  Introduction 

The  increased  time  to  make  a delivery  in  the  mall 
area  is  reflected  as  an  increase  in  the  carrier's  immed- 
iate short  run  marginal  costs.  This  increased  time  is 
converted  to  a dollar  value  through  use  of  labor  cost 
figures . 

2.2  Cost  Characteristics  of  the  Carriers 

The  objective  of  this  thesis  is  to  ascertain  the 
effects  on  the  costs  of  PUD  carriers  resulting  from  impo-  -i 

sition  of  several  different  operating  policies  for  deliv- 
eries to  the  State  Street  transitway. 

What  is  occurring  in  the  State  Street  area,  is  a 
shift  upward  of  the  carrier's  Short  Run  Marginal  Cost  (SRMC) 
curve  in  figure  2-1  caused  by  a change  in  the  productivity 
of  the  factors  of  production,  the  vehicle  and  drivers.  The 
present  number  of  deliveries  made  by  a carrier  is  . 

The  imposition  of  a vehicle  control  policy  will  cause  an 
increase  in  the  cost  to  make  these  deliveries,  and  the 
SRMC  curve  will  shift  upward  to  SRMC . The  magnitude  of 
this  shift  is  the  difference  between  Pj  and  P^ . The 
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difference  in  time  to  make  a delivery  is  measurable,  and 
its  dollar -value  can  be  found.  If  the  function  that  de- 
scribes the  shape  of  the  SRMC  curve  were  also  known,  the 
quantity  Qj  that  the  carrier  should  deliver  under  the 
new  conditions  could  be  found.  This  thesis  does  not 
attempt  the  latter;  what  it  does  show  is  the  magnitude 
of  the  increase,  from  to  Pj,  of  the  carrier's  short 
run  marginal  cost  at  the  present  number  of  deliveries 
made  by  the  carriers. 

P3 


Figure  2-1.  Carrier's  Short  Run  Marginal  Costs 

2.3  The  Carrier's  Expenses 

The  inputs  to  the  simplified  production  function 


for  the  carrier  are  the  number  of  truck-hours  and  the  num- 
ber of  man-hours.  It  takes  an  amount  of  truck-hours  and 
an  amount  of  man-hours  to  produce  one  delivery.  Under 


Qa  Ql 
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the  vehicle  control  policies,  the  amount  of  man-hours  and 
the  armount  orf  truck-hours  to  make  one  delivery  is  increased. 
The  true  cost  function  would  include,  ^ong  others,  both 
the  truck  and  man-hour  inputs.  An  approximation  to  this 
will  use  just  the  time  input.  In  order  for  the  carrier 
to  produce  the  same  number  of  deliveries  in  the  State 
Street  area  and  elsewhere  he  may  service  in  the  city,  he 
will  have  to  increase  his  total  fleet  size.  This  added 
capital  expenditure  is  not  accounted  for  in  the  analysis. 

The  Cartage  Exchange  of  Chicago  maintains,  from 
a data  base  of  over  150  firms  including  more  than  6000 
vehicles,  breakdowns  of  vehicle  operating  expenses  and 
labor  cost  for  several  different  types  of  trucks.  This 
data  can  be  used  to  provide  a cost  per  hour  for  operation 
of  a driver-truck  pair.  Table  2-1  contains  gross  labor 
cost  calculations  for  an  operator  of  a two  axle  truck. 

Wages,  benefits,  taxes,  etc.  sum  to  a cost  per  hour 
figure  for  a driver  of  $13.68  in  column  1.  Time  and  a 
half  for  overtime,  and  double  time  are  shown  in  columns 
2 and  3,  respectively.  The  straight  time  cost  is  $547.28 
for  a 40  hour  work  week.  The  40  hour  assumption  is  valid, 
since  union  rules  (7)  (17)  require  that  an  operator,  once 
called,  be  paid  for  the  entire  week. 

Table  2-2  contains  an  analysis  of  vehicle  operating 
expenses  for  a 20',  24000  lb.  gross  weight  truck.  The  cap- 
ital investment,  interest  expense,  other  fixed  expenses. 
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Table  2-1 

GROSS  LABOR  COST  FOR  A TWO  AXLE  TRUCK 


No.  o£  Holidays 

9 

Average  Vacation  Days 

15 

Average  Misc.  Off  Days 

6 

Total  Off  Days  in  Year 

30 

Straight  Time  Hours  in  Day 

8 

Total  Idle  Hours  in  Year 

240 

No.  of  Weeks  in  Year 

52 

Straight  Time  Hours  in  Week 

40 

Gross  Straight  Time  Hours  in 

Year 

2080 

Total  Idle  Hours  in  Year 

240 

Actual  Straight  Time  Hours 
Worked  in  Year 

1840 

WAGE  TAXES 

AND  INSURANCE 

Item 

% 

Limits 

Cost/Year 

F.I.C.A. 

.0585 

15300.00 

895.05 

State  Unemployment  Insurance 

.0270 

4200.00 

113.40 

Federal  Unemployment  Insurance  .0058 

4200.00 

24.36 

Workmens  Compensation  Insurance . 0531 
Manual  Rate 

Gross  Wages 

Total  Wage  Tax  and  Insurance 

1032.81 

15 


Table  2-1  (continued) 


GROSS  LABOR  COST 


Item 

Straight 

Time 

Overtime 

Extra  Man 
Overtime 

Base  Hourly  Rate 

7.18  + :65 

7.8300 

11.7450 

15,6600 

Cost  of  Living  Increase 
NONE  IN  1976 

Sub  Total  "A" 

7.8300 

11.7450 

15.6600 

Holiday  Cost 

8 X 9 X 7.83  = 563.76  r 

1840 

.3064 

Vacation  Cost 

10  X 15  X 8.62  = 1293.00 

V 1840  .7027 

Misc.  Off  Day  Cost 

6 X 8 X 7.83  = 375.84  v 

1840 

.2043 

Bonus  Cost 

Sub  Total  "B" 

9.0434 

11.7450 

15.6600 

Wage  Tax  and  Insurance 
1032.81  + 1840 

.5613 

Health,  Welfare  and  Pension 
52.00  X 52  = 2704.00  t 1840 

1.4696 

Bonding  Cost 

.0100 

Chicago  Head  Tax  36.00  v 

1840 

.0195 

Workman's  Comp.  .0531  x B 

.4802 

.4802 

4802 

Safety  Program  and  Awards 
45.00  V 1840 

.0244 

Physical/Security  Checks 
75.00  T 1840 

.0407 

Sub  Total  "C" 

11.6491 

12.2252 

16,1402 
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Table  2-1  (continued) 


Gross  Labor  Cost  (continued) 

Item 

Straight 

Time 

Overtime 

Extra  Man 
Overtime 

Payroll  Handling 

2% 

.2330 

.2445 

,3228 

Sub  Total  "D" 

11.8821 

12.4697 

16.4630 

Engineering  Fee 

2% 

. 2376 

.2494 

.3293 

Sub  Total  "E” 

12.1197 

12.7191 

16.7923 

General  Overhead 
Supervision 

and 

9*5% 

1.1514 

1.2083 

1.5953 

GROSS  LABOR  RATE 

PER  HOUR 

13.2711 

13.9274 

18.3876 

BI/PD  Ins  2h%  CARGO  Ins  %% 

.4110 

.4307 

.5687 

TOTAL 

13.6821 

14.3581 

18,9563 

Source:  Cartage  Exchange  of  Chicago 
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Table  2-2 

VEHICLE' OPERATING  EXPENSES 


Vehicle  Cost 

Total  "Investment  ^ 

13000.00 

Tire  § Tube  Cost 

1138.92 

Investment  Less  Tire  § Tube  Cost 

11861.08 

Residual  Value  10% 

1186.11 

Amount  to  be  Depreciated  (5  years) 

10674.97 

Variable  Expense  Per 

Mile 

Gasoline  .56/gal.  (5  MPG) 

.1120 

Oil 

.0012 

Greasing 

.0006 

Tires  § Tubes 

.0220 

Maintenance  § Repair 

.1100 

Sub  Total  "A" 

.2458 

Overhead  15% 

.0369 

Sub  Total  "B" 

.2827 

Contingency  Per  Mile 

+.0023 

Variable  Cost  Per  Mile 

.2850 

^Referred  to  in  this  table  as  LI 


18 


Table  2-2  (continued) 
Annual  Fixed  Expense 


Depreciation  2134.99 

Interest  on  Total  Investment  8h  LI  1040.00 

State  License  330.00 

City  Vehicle  Tax  85.00 

Federal  Use  Tax 

State  Commerce  Commission  Tax  5.00 

Personal  Property  Tax  l^l  of  LI  195.00 

Other  Taxes 

Safety  Inspection  10.00 

BI  5 PD  Insurance  See  Contingency/Week 
Collision  Insurance  21  of  LI  260.00 

Collision  Reserve  250.00 

Fire  6 Theft  Insurance  .006%  of  LI  78.00 

Cargo  Insurance  See  Contingency/Week 
Washing  $6.50  x 52  338.00 

Re-Painting  6 Lettering  1%  of  LI  130.00 

Garage  Rent  or  Proration  $15.00  per  week  780.00 

Anti-Freeze  6 Safety  Equipment  1%  of  LI  130.00 

Accessories  100.00 

Other  Expense 

Sub  Total  "A"  5865.99 


Overhead  15% 


879.90 
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Table  2-2  (continued) 


Annual  Fixed  Expense 

(continued) 

Sub  Total  "B" 

6745.89 

Engineering  Fee  2% 

134.92 

Sub  Total  "C" 

6880.81 

Profit  10% 

688.08 

Total  Annual  Fixed  Expense 

7568.89 

Fixed  Expense  Per  Week 

145.56 

Contingency  Per  Week  3% 

4.37 

Standby  Charge  Per  Week 

150.93 

Source:  Cartage  Exchange  of  Chicago 


and  assumptions  as  to  service  life  produce  a fixed  cost 
per  week  of  $150.93.  Fuel,  maintenance,  etc.  yield  a 
variable  cost  per  mile  of  $0,285.  An  assumption,  from 
experience,  of  250  miles  per  week,  produces  a variable 
cost  per  week  of  $71.25.  A reduction  in  the  number  of 
deliveries  by  carriers  may  reduce  the  number  of  miles 
driven.  Unless  this  change  is  radical,  the  percentage 
change  in  the  total  cost  will  be  small. 

The  sum  of  labor  cost  per  week,  capital  cost  per 
week,  and  variable  vehicle  operating  costs  per  week  total 
$769.46.  The  fixed  costs  contained  herein  are  predicated 
upon  an  assumption  of  a 40  hour  work  week.  It  would  be 
improper  to  allocate  these  to  the  increased  time  it  takes 
to  make  deliveries  over  present.  The  labor  input  cost  is 
over  701  of  total  cost  in  a 40  hour  week.  As  an  approx- 
imation, the  $13.68  cost  of  a man-hour  input  is  used  to 
show  the  cost  to  the  carriers  of  increased  time  observed 
under  different  operating  policies. 


Chapter  3 


THE  QUEUING  MODEL 


3.1  Introduction 

Queuing  models  were  constructed  for  the  on-  and 
off-street  deliveries.  This  was  done  to  show  the  increase 
in  wait  time  resulting  from  congestion  ‘under  the  proposed 
vehicle  control  policies.  Information  on  arrivals  was 
taken  from  the  DPW  study  (26)  and  a Poisson  arrival  pat- 
tern was  assumed.  Gamma  distributions  were  used  for  ser- 
vice times,  with  the  mean  from  (26).  The  shape  of  the 
distribution used  was  that  from  an  area  of  similar  land 
use,  as  observed  in  the  PINY  study  (9).  An  attempt  at 
an  analytic  solution  was  terminated,  as  it  rapidly  be- 
came too  complex.  The  models  were  simulated  using  GPSS 
(General  Purpose  Simulation  System) . 

3.2  Arrival  Data 

The  arrival  of  vehicles  for  both  the  on-  and  off- 
street  delivery  processes  will  be  modeled  by  a Poisson 
arrival  pattern.  The  use  of  an  exponential  distribution 
for  inter- arrival  times  is  predicated  upon  the  assumption 
that  the  arrivals  are  completely  random.  The  probability 
of  an  arrival  during  any  given  interval  of  time,  then, 
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is  proportional  to  the  length  of  that  arrival,  and  is  in- 
dependent of  the  previous  pattern  of  arrivals.  There  are 
significant  peaking  characteristics  during  the  day,  so  an 
assumption  of  constant  arrival  rates  will  not  suffice. 

To  reflect  the  time-variant  nature  of  X the  day  was  di- 
vided into  several  different  time  periods,  and  a separate 
X was  calculated  for  each  time  period  and  for  each  block. 

The  arrival  data  collected  in  the  DPW  study  for 
curb -side  deliveries  was  not  in  a form  which  was  readily 
usable  in  a queuing  model.  The  accumulation  of  delivery 
vehicles  on  State  was  recorded  at  fixed  time  intervals 
instead  of  recording  the  time  of  arrivals  of  those  vehi- 
cles. In  order  to  derive  the  mean  arrival  rate  X from 
this  information,  it  was  necessary  to  manipulate  the  data 
in  the  following  way. 

On  a block  face  there  is  space  for  10  delivery/ 
service  vehicles.  This  can  be  treated  as  a 10  channel 
service  facility.  Since  L,  the  number  of  vehicles  in 
the  system  is  always  less  than  10  (see  Table  5-1) , at 
no  time  on  any  block  are  all  the  servers  in  use.  Thus, 
it  is  reasonable  to  model  the  system  as  one  in  which  no 
queue  forms.  In  the  case  of  Poisson  arrivals  where  no 
queue  forms,  the  mean  number  of  vehicles  observed  in  the 
system  is  independent  of  the  type  of  service  distribution 
used  [(24)  pp.  45-47].  For  the  no-queue  case  of  a multi- 
ple channel  service  facility  with  a Poisson  arrival 
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pattern,  the  mean  number  of  vehicles  in  the  system  is  given 
by  [(24)  p.  31] 

( M - (1/p)  (P»l) 

L = 7 (3.1) 

( pM  (P«l) 

For  the  data  from -the  curb «side  deliveries,  the  utilization 
factor  p for  the  whole  system  is  very  much  less  than  one, 
thus  the  second  relation  is  assumed  to  hold.  For  the  mul- 
tiple channel  case,  p is  defined  by 

P = l/(Mu)  (3.2) 

Substituting  for  p in  equation  (3.1)  above  and  rearranging 
will  yield  the  arrival  rate  X for  the  curb-side  deliveries. 

The  data  collected  by  the  DPW  for  the  curb-side  de- 
liveries was  only  for  the  hours  from  0800  to  1500.^  The 
actual  close  of  the  delivery  day,  as  used  in  the  model  was 
1600.  The  arrival  rate  for  1500  was  extended  to  1600.  It 
was  assumed  that  no  deliveries  were  made  after  1600,  so  the 
arrival  rate  was  reduced  to  zero  after  this  hour. 

3.3  Service  Data 

The  Chicago  DPW  has  collected  some  basic  data  on 
the  delivery  times  in  the  State  Street  area  (26).  An  esti- 
mate of  dwell  times  for  on-street  deliveries  was  obtained 

^The  24  hour  military  clock  system  is  used,  e.g. 
0800  = 8 A.M. , 1500  = 3 P.M. 
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through  a parking  survey.  An  estimate  of  the  duration  of 
alley  deliveries  was  obtained  through  a merchants  survey. 
This  latter  method  was  inexact  for  two  reasons.  First, 
it  relied  upon  the  retailers'  perceptions  of  the  delivery 
times  and  not  on  recorded  delivery  times.  Second,  the 
time  increments  used  on  the  survey  forms  presented  to 
the  merchants  were  large  and  only  provide  a coarse  approx- 
imation of  the  average  time.  For  neither  the  curb- side 
nor  alleyway  deliveries  was  the  distribution  of  delivery 
times  observed;  only  an  estimate  of  the  mean  dwell  time 
for  each  was  obtained. 

A study  (9)  by  the  Polytechnic  Institute  of  New 
York  (PINY) , of  goods  delivery  in  Brooklyn  recorded  dwell 
time  data  for  individual  deliveries.  This  data  was  clas- 
sified by  land  use  of  the  delivery  point,  and,  depending 
upon  the  land  use,  by  parking  mode  (legal  or  illegal)  and 
type  of  delivery  (curb  or  dock)  as  well.  This  data  was 
fitted  to  a gamma  distribution  having  different  parameters 
for  the  classifications  noted. 

The  data  obtained  by  the  DPW  for  the  mean  dwell 
times  cannot  be  used  alone  to  describe  the  service  time 
distribution  unless  the  wholly  unrealistic  assumption  is 
made  that  service  times  are  constant,  l^hile  cognizant  of 
the  dangers  involved,  the  decision  was  made  to  take  the 
gamma  service  distribution  as  ol)served  in  the  PINY  study 
and,  while  retaining  the  shape,  rescale  it  with  the  mean 
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service  times  of  the  DPW  study.  As  some  estimate  of  the 
distribution  of  service  times  is  necessary  for  the  queuing 
model,  it  was  felt  that  the  distribution  of  observations 
at  land  uses  similar  to  State  Street  would  be  acceptable. 

The  gamma  distribution  is  defined  by 'two  parameters, 
a and  3,  termed  the  "shape”  and  "scale"  parameters,  respec- 
tively. The -Titean -of  the  ‘clistribution,  Tg,  is  given  by 

Tg  = oB  (3.3) 

and  the  variance  is 

Var  = (3.4) 

The  shape  parameters  of  the  gamma  distributions  used  in 
the  PINY  study  (9)  were  a = 1.25  for  the  on-street  de- 
liv  ries,  and  a = 1.50  for  off-street  deliveries.  The 
mean  service  times  obtained  from  the  DPW  study  (26)  were 
Tg  = 22  minutes  for  the  curb-side  deliveries,  and  Tg  = 30 
minutes  for  the  alleyway  deliveries. 

The  diversion  of  an  on-street  delivery  to  a cross- 
street loading  zone  will  increase  the  dwell  time  of  that 

vehicle  at  the  curb,  since  the  driver  will  now  have  to 
walk  up  to  half  a block  to  bring  the  goods  to  the  retailer. 
With  the  length  of  a block,  and  an  average  walking  speed 
known,  the  dwell  time  for  a cross-street  delivery  was 
assumed  to  be  Tg  = 


24  minutes. 
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Substituting  the  information  on  the  shape  parameter 
(from  the  PINY  study)  and  the  mean  service  time  for  each 
method  of  delivery  (from  the  Chicago  data)  in  equation 
(3.3)  produces  values  for  the  scale  parameter  B shovm  in 
Table  3-1. 

Table  3-1 

Service  Distribution  Parameters 


Type  of  Delivery 

Ts 

a 

e 

curb 

22 

1.25 

17.6 

cross-street 

24 

1.25 

19.2 

alley 

30 

1.50 

20.0 

3.4  Attempts  at  Analytic  Solution 

Initially,  an  attempt  was  made  to  find  an  analytic 
solution  to  the  queuing  problem  for  the  curb-side  deliver- 
ies diverted  to  cross-street  loading  zones.  The  gamma 
service  distribution  from  the  PINY  study  (9)  had  a shape 
parameter  of  a = 1.25  for  the  on-street  deliveries.  As 
the  calculations  for  a gamma  distribution  with  a non-inte- 
ger a are  quite  tedious,  approximations  of  o = 1 (exponen- 
tial) and  0=2  (Erlang-2)  were  used,  in  an  attempt  to 
bound  the  solution  for  the  true  gamma  distribution. 

The  attempt  was  not  successful,  as  it  would  have 


required  the  exceedingly  complex  calculation  of  the 
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transient  solutions.  This  would  have  been  necessary  be- 
cause the  arrival  rates  increased  to  a value  much  greater 
than  the  service  rates.  As  a rigorous  discussion  of  tran- 
sient solutions  of  multiple  channel  servers  with  infinite 
queues  is 'beyond  the  scope  of  thi-s  thesis,  a decision  was 
made  to  terminate  any  further  attempts  at  an  analytic 
solution,  and  construct  a simulation  model  instead. 

The  simulation  language  chosen  to  model  the  queu- 
ing systems  discussed  above  was  GPSS  (General  Purpose 
Simulation  System) . This  decision  was  made  based  upon 
the  availability  of  the  compiler  at  Northwestern  Univer- 
sity's Vogelback  Computing  Center,  its  suitability  for 
the  queuing  systems  under  discussion,  and  the  author's 

' I 

familiarity  with  the  language. 


Chapter  4 


STATISTICAL  ACCURACY  OF  THE  RESULTS 

4.1  Introduction 

The  previous  chapter  has  discussed  the  theory  be- 
hind the  construction  of  the  queuing  models  for  the  on- 
and  off-street  deliveries.  The  details  of  the  individual 
models  are  discussed  in  subsequent  chapters.  A primary 
output  of  these  models  is  the  mean  wait  time  in  the  queue 
to  make  a delivery.  This  chapter  describes  the  analysis 
necessary  to  determine  confidence  intervals  about  estimates 
of  this  value.  The  fact  that  successive  observations  of 
wait  time  within  a given  simulation  run  are  auto-corre- 
lated must  be  accounted  for.  The  result  of  this  analysis 
is  a determination  of  the  number  of  experimental  replica- 
tions which  must  be  conducted  in  order  to  attain  the  re- 
quired confidence  in  the  model  results. 

4.2  Calculation  of  Confidence  Intervals 

During  a simulation  run,  n observations  of  waiting 
time  Wj , are  obtained.  The  mean  of  these  observations,  X, 
is  given  by, 

n 

X = ^ E «j 

j=i 
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.1 


The  sample  mean  X is  an  unbiased  estimator  of  the  true  mean 
wait  time,  px-  If  each  Wj  is  independent,  the  variance  of 
the  sample  mean,  VOX),  is  related  to  the  true  variance  V(X) 


as  follows: 


V(X) 


= VW 

n 


(4.2) 


It  can  also  be  shown  that  an  'unbiased  estimate  of  the  true 
variance  is  given  by. 


Wi"-  nX" 


= y V- 

4^.  n-l 


(4.3) 


With  an  estimate,  X,  of  the  true  mean,  and  V(X),  the  true 
variance  of  X,  it  is  possible  to  obtain  a confidence  in- 
terval about  the  true  mean.  For  large  n (n  > 30),  the 
central  limit  theorem  applies,  and  the  distribution  of  X 
is  approximated  by  the  standard  normal  distribution.  The 
standard  normal  variate  Z is  given  by. 


Z = (X-yx)w^ 
v'VCX) 


(4.4) 


The  probability  (1— a)%  that  the  interval  constructed 
contains  the  true  mean  is  shown  by, 

p(-zi-«/2  1 ^('x)^— ^ zi-a/2^  = 1 -a  (4.5) 


where  zj-a/z  is  in  units  of  standard  deviation  about  Z. 
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Rearranging  yields, 

p(x- 
y /n 


<.  Ux£  X 


+ 


Zl-  a/2»^V(X) 
7n 


1-a 


(4.6) 


This  states,  with  probability  1-a,  that  X falls  within  the 
specified  interval  about  the  true  mean 

4.3  Observations  That  Are  Auto-correlated 

The  discussion  above  utilized  the  assumption  that 
the  observations  of  waiting  time  Wj  within  a simulation 
run  are  independent  random  variables.  This  is  usually  not 
the  case.  If  the  waiting  time  for  arrival  m is  large, 
then  the  waiting  time  for  arrival  m+1  is  likely  to  be 
large  also.  Data  related  in  this  manner  is  said  to  be 
auto -correlated. 

Since  the  assumption  of  independence  does  not  hold 
for  observations  of  waiting  time  Wj  within  a single  simu- 
lation run,  it  would  be  necessary  to  make  multiple  runs 
unless  the  auto-correlation  is  accounted  for.  The  mean 
x^,  of  the  observations  of  one  run  i is  given  by 


If  independent  streams  of  random  numbers  are  used  in  each 
run,  then  each  is  independent.  If  N independent  runs 
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are  made,  then  the  mean  X is  given  by 


i=  1 


(4.8) 


The  sample  mean  X is  an  unbiased  estimator  for  the  true  mean 
Py.  Since  each  x-  is  independent,  the  relationship  between 
the  variance  of  the  sample  mean  V(X)  and  the  variance  of 
the  true  mean  V(X)  would  be 

V(X)  = (4.9) 


Once  again,  the  true  variance  V(X)  would  be  estimated  by 
s^,  with  substituted  for  Wj . The  rest  of  the  discussion 
of  the  previous  section  holds,  with  there  being  N indepen 
dent  runs  instead  of  n observations  within  a single  run. 

There  are  two  difficulties  with  this  simplistic 
approach.  First,  the  number  of  runs  necessary,  and  hence 
the  cost  of  the  modelling  effort,  can  rapidly  grow  large. 
Second,  there  is  much  data  within  a single  simulation  run 
that  is  being  discarded  and  which  could  be  of  some  use. 

The  following  discusses  a way  to  utilize  some  of  this  in- 
formation to  reduce  the  number  of  independent  simulation 
runs  necessary  for  the  level  of  confidence  desired. 

The  process  under  discussion  is  the  waiting  time 
of  vehicles  in  the  arrival  queue.  Each  Wj  is  one  obser- 
vation of  a waiting  time.  The  mean  time  in  the  queue  for 
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a single  simulation  run  is  given  by 


« ■ ffS  "j 

j-1 


(4.10) 


What  is  desired  is  V (W) , the  variance  of  the  sample 
mean  W.  This  cannot  be  estimated  through  use  of  the  formula 
for  s^,  as  the  successive  Wj ' s are  auto-correlated.  There 
is  theoretical  and  empirical  evidence  [Fishman  (12)]  that 
for  simple  queuing  systems  successive  Wj's  are  related 
through  the  following  recursion 


-E(W)j  = ? Wj  -E(W)j  + 


(4.11) 


The  correlation  coefficient  is  represented  by  and  the 
error  term,  is  assumed  to  be  normally  distributed 

with  mean  of  zero  and  variance  . For  any  observation 
of  waiting  time  Wj^,  the  correlation  coefficient  of  that 
observation  and  one  s observations  away,  Wj^^^  can  be 
shown  to  be, 


cor  (Wj^  , Wj^^g)  = 


(4.12) 


With  knowledge  of  C,  o*,  and  the  number  of  observations 
n,  equation  (4.14)  can  be  developed  to  obtain  V(W).  The 
a*  may  be  estimated  from  the  data  stream,  and  Sussman  and 
Tumquist  (35)  have  developed  an  estimator  for  as  given 
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e-(l-P)^ 


(4.15) 


p is  the  utilization  factor  for  the  particular  queuing  sys- 
tem under  discussion. 


V(W)  = 


tr 

n(l-0* 


~2g(-l-g^) 

n(l-eM 


n(l-cn  J 


(4.14) 


At  this  point  the  relation  between  the  variance  of  the  sam- 
ple mean  over  several  runs,  V(X),  and  the  variance  of  a 
single  run,  V(W),  is  given  by 

V(X)  = (4.15) 

The  number  of  independent  simulation  runs,  N,  necessary  to 
obtain  the  desired  level  of  confidence  in  the  results,  can 
be  obtained  from  equation  (4.15)  by  re-arranging  and  substi- 
tuting V(W)  from  equation  (4.12)  and  V(X),  as  calculated 
in  the  following  discussion. 

In  this  thesis,  the  level  of  confidence  and  the 
interval  are  exogeneously  specified.  The  expression  for 
one-half  the  interval  is  given  in  equation  (4.6).  The 
value  of  desired  confidence  interval  is 

obtained  from  a table  of  the  standard  normal  distribution. 
The  number  of  observations,  n,  is  determined  by  the  sys- 
tem being  modeled.  This  information  is  substituted,  the 
expression  is  set  equal  to  one-half  the  desired  interval, 
and  it  is  evaluated  for  V(X).  This  value  for  V(X)  is 
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then  substituted  in  equation  (4.15),  and  solved  for  N,  the 
number  of  simulation  runs  required.  The  required  number  of 
independent  simulation  runs  were  made  for  the  on-  and  off- 
street  deliveries  under  the  vehicle  control  policies  per- 
tinent to  each.  The  sample  mean  was  obtained  by 

W (4.16) 

i = l 

The  confidence  levels  for  the  results  of  each  model  are 
specified  in  the  following  chapters,  where  the  simulation 
results  are  shown. 

In  order  to  minimize  the  variance  of  the  estimated 
difference  between  mean  waiting  times  under  alternative 
vehicle  control  policies,  separate  sequences  of  random 
numbers  were  used  for  generation  of  the  inter-arrival  times 
and  service  times  for  each  server.  Identical  sequences  of 
random  numbers  were  used  in  the  simulation  of  each  vehicle 
control  policy  for  a particular  block  or  alley. 

4.4  Summary 

The  observations  of  waiting  time  from  a particular 
simulation  run  are  not  independent  random  variables,  but 
are  auto-correlated.  If  the  observations  were  erroneously 
treated  as  being  independent,  the  variance  of  the  mean 
wait  time  will  be  underestimated.  It  is  possible  to  make 
multiple,  independent  runs  of  each  simulation  model,  but 
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this  results  in  much  useful  data  within  a run  being  ignored. 


More  sophisticated  treatment  of  the  data  results  in  an  es- 
timate of  the  true  variance  that  is  corrected  for  the  auto- 
correlation effects.  The  desired  level  of  confidence  that 
the  sample  mean  falls  within  an  interval  about  the  true 
mean  is  specified  exogeneously . The  variance  of  the  sam- 
ple mean  which  would  result  in  the  specified  level  of  con- 
fidence in ‘that:  interval  is  calculated.  This,  and  the 
estimate  of  the  true  variance,  are  used  to  determine  the 
number  of  replications  of  the  model  required  to  achieve 
that  level  of  confidence. 


Chapter  5 


ON-STREET  DELIVERIES 

5.1  Introduction 

Vehicles  that  currently  make  curb-side  deliveries 
on  State  Street  will  be  diverted  to  cross-street  loading 
zones  under  the  mall  proposal.  The  mean  dwell  time  for 
a vehicle  will  be  longer,  as  the  driver  must  hand  carry 
his  delivery  farther.  The  arrival  rate  for  vehicles  was 
calculated  using  the  assumptions  discussed  in  Chapter  3. 
Using  the  same  arrival  rate,  simulation  runs  were  made 
for  the  present  curb-side  deliveries  and  the  proposed 
cross-street  deliveries.  The  results  show  an  increase 
in  time  to  make  a delivery,  as  a result  of  this  vehicle 
control  policy,  which  is  longer  than  the  time  increase 
attributable  to  the  increased  walking  distance  for  the 
driver. 

5.2  Assumptions  Underlying  the  Analysis 

Under  the  State  Street  transitway  proposal,  no 
delivery  vehicles  will  be  permitted  to  make  curb-side 
deliveries  on  the  mall.  All  deliveries  that  are  currently 
made  in  this  manner,  will  be  diverted  to  loading  zones  on 
cross-streets.  The  number  and  placement  of  these  loading 
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zones  is  shown  in  figure  5-1.  The  direction  of  flow  of 
the  one-way  cross  streets  is  shown  also. 

Each  block  war.  -simulated  separately  as  no  informa- 
tion on  the  vehicular  interactions  between  them  was  avail- 
able. Assumptions  had  to  be  made  concerning  which  loading 
zones  were  to  serve  which  blocks.  The  assumptions  made 
were  influenced  by  several  factors,  including: 

1.  The  placement  of  the  loading  zones; 

2.  The  total  and  peak  hour  number  of  vehicles 
for  each  block; 

3.  The  hypothesis  that  drivers  would  prefer, 
where  possible,  to  cart  or  carry  their  de- 
livery a longer  distance  on  the  sidewalk 
than  attempt  to  cross  the  street  with  it. 

Based  upon  these  considerations,  the  following 
assignments  of  loading  zones  were  made: 

1.  The  two  loading  zones  on  Lake  will  serve 
block  #1. 

2.  The  three  loading  zones  on  Randolph  will 
serve  block  #2. 

3.  The  three  loading  zones  on  Washington  will 
serve  block  #3. 

4.  The  three  loading  zones  on  Madison  and  two 
of  the  loading  zones  on  Monroe  will  serve 
block  #4.^ 

^There  are  no  loading  zones  contiguous  to  blocks 
#4  or  #6  due  to  the  presence  of  wrong-way  bus  lanes  there. 
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Figure  5-1.  Number  and  Placement  of  Loading  Zones 
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5.  Two  of  the  loading  zones  on  Monroe  and  the 
three  loading  zones  on  Adams  will  serve 
block  #5. 

•6.  The  two  loading  zones  on  Jackson  will  serve 
block  #6. 

7.  The  two  loading  zones  on  Van  Buren  will  serve 
block  #7. 

By  simulating  each  block  separately  in  this  manner, 
the  possible  effects  of  a truck  using  a loading  zone  that 
is  not  "assigned"  to  the  block  for  which  he  has  a delivery 
are  ignored.  This  may  occur  when  there  is  a long  queue 
for  the  loading  zones,  yet  there  are  open  loading  zones 
elsewhere.  The  effects  of  trucks  which  balk  at  trying 
to  enter  the  alleys  under  the  vehicle  control  policies, 
and  use  the  cross-street  loading  zones  instead,  are  also 
ignored. 

The  mean  time  for  a curb  side  delivery  was  ob- 
served in  the  DPW  study  (26)  to  be  22  minutes.  The  entire 
440  foot  length  of  a block  on  State  is  a posted  "No  Park- 
ing- -Towaway  Zone."  A city  ordinance,  however,  provides 
for  a vehicle  to  park  for  up  to  30  minutes  if  it  is  making 
a delivery.  Space  for  10  vehicle  loading  zones  on  a block 
face  along  State  is  not  unreasonable,  and  allows  a driver 
to  park  relatively  close  to  the  retailer  to  whom  he  is 
making  the  delivery. 
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Parking  on  a cross  street  loading  zone  will  noitf 
require  the  driver  to  carry  or  hand  truck  his  delivery,  on 
the  average,  one  half  block.  At  a minimum,  one  round  trip 
between  the  delivery  vehicle  and  the  retailer  would  be  re- 
quired. At  an  average  walking  speed  of  3 mph  (264  fpra) , 
the  additional  service  time  for  a delivery  will  be  about 
two  minutes.  Thus,  a mean  service  time  for  a cross  street 
delivery  is  assumed  to  be  24  minutes. 

The  arrival  rates  for  each  time  period  and  for 
each  block  are  derived  using  the  relationships  shown  in 
equations  (3.1)  and  (3.2).  The  mean  of  22  minutes  for  a 
curb  side  delivery  and  the  steady-state  value  of  L when 
no  queue  forms  are  used  to  calculate  the  arrival  rates. 
(See  Table  5-1).  The  mean  times  between  arrivals,  T^, 
are  calculated  from  these  and  are  used  as  the  means  of 
the  exponential  inter-arrival  distributions. 

5.3  Simulation  Results 

Simulation  runs  v'ere  made  for  the  present  curb 
side  deliveries,  and  the  proposed  cross  street  loading 
zones,  incorporating  the  pertinent  assumptions  above. 

The  results  of  these  simulations  are  shown  in  Table  5-2. 
For  each  block,  as  was  expected,  the  total  average  time 
to  make  a delivery  increases.  The  additional  time  re- 
quired for  a cross  street  delivery  over  a curb  side  de- 
livery ranges  from  7.1  minutes  on  block  #7  to  76.5  min- 
utes on  block  #1.  This  does  not  consider  the  situation 
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Table  5-1 

Arrival  Rates  for  On-Street  Deliveries 


Block 

Time  Period 
Ending 

L 

X 

T ^ 

#1 

iiool 

2 

0.09090 

660 

1200 

4 

0.18181 

330 

1400 

2 

0.09090 

660 

1500 

1 

0.04545 

1320 

#2 

LOOO 

,2 

0.09090 

660 

1100 

3 

0.13636 

440 

1400 

2 

0.09090 

660 

1500 

3 

0.13636 

440 

#3 

1000 

2 

0.09090 

660 

1100 

2 

0.09090 

660 

1400 

3 

0.13636 

440_ 

1500 

0 

0.0 

60000^ 

#4 

0930 

1 

0.04545 

1320 

1100 

7 

0.27272 

220 

1215 

2 

0.09090 

660 

1400 

1 

0.04545 

1320 

1500 

0 

0.0 

60000 

#5 

1000 

3 

0.13636 

440 

1115 

5 

0.22727 

264 

1400 

2 

0.09090 

660 

1500 

1 

1.04545 

1320 

1(6 

1000 

1 

0.04545 

1320 

1100 

2 

0.09090 

660 

1400 

1 

0.04555 

1320 

1500 

1 

0.04545 

1320 

*7 

1000 

1 

0.04545 

1320 

1300 

1 

0.04545 

1320 

1400 

2 

0.09090 

660 

1500 

1 

0.04545 

1320 

^Twenty-four  hour  clock  system. 

^in  seconds 

^since  T^  = 1/X,  X=0  -►  T^  = “ » 60000  seconds 
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where  a driver  will  balk  at  the  length  o£  the  queue  and 
return  again  later.  The  increased  cost  of  making  a de- 
livery under  this  policy  varies  from  only  $1  on  block  #5 
to  $17.50  on  block  #1.  It  is  evident  that  the  number  of 
loading  zones  serving  block  #1  could  be  increased  and 
thus  reduce  the  increased  cost  to  make  a delivery. 


Table  5-2 

Simulation  Results  for  On-Street  Deliveries 


B1 

. Policy  Mean  No. 

Vehicles 

Interval  § 
Confidence 
Level 

Mean  ' 
Arr . 
Queue 

Time  Mean 
Time 
Ser. 

Mean 

Time 

Total 

Cost^ 

1 

curb 

48 

4 

@90%^ 

0.0^ 

24.6 

24.6 

$ 5.60 

1 

x-street 

46 

10 

@90% 

77.7 

23.4 

101.1 

23.10 

2 

curb 

51 

4 

@90% 

0.0 

24.2 

24.2 

5.50 

2 

x-street 

51 

4 

@90% 

15.6 

25.1 

40.7 

9.30 

3 

curb 

48 

4 

@90% 

0.0 

24.6 

24.6 

5.60 

3 

x-street 

43 

4 

@90% 

22.2 

25.7 

47.9 

10.90 

4 

curb 

49 

4 

@90% 

0.4 

24.3 

25.1 

5.70 

4 

x-street 

40 

4 

@90% 

8.9 

22.3 

31.2 

7.10 

5 

curb 

59 

4 

@90% 

0.0 

24.0 

24.0 

5.50 

5 

x-street 

55 

4 

@90% 

2.0 

26.3 

28.3 

6.50 

6 

curb 

28 

4 

@90% 

0.0 

23.7 

23.7 

5.40 

6 

x-street 

24 

4 

@90% 

6.9 

24.9 

31.8 

7.30 

7 

curb 

28 

4 

@90% 

0.0 

23.7 

23.7 

5.40 

7 

x-street 

25 

4 

@90% 

6.2 

24.6 

30.8 

7.00 

1$13.68  per  hour.  ^i.e.,  mean  time  in  arrival  queue  is 

+ 2 minutes  90%  of  the  time. 

^all  times  in  minutes. 


Chapter  6 


OFF  STREET  DELIVERIES 


6.1  Introduction 

Six  east-west  alleys  are  in  the  study  area.  The 
arrival  rates  for  vehicles  at  each  alley  was  obtained  from 
the  observations  in  the  DPW  (26)  study-  The  arrival  rate 
for  a particular  alley  was  used  in  the  simulation  of  that 
alley  under  each  policy.  Generally,  these  policies  were 
simulated:  (1)  present  conditions,  (2)  closure  of  each 

alley  at  State  Street,  and  (3)  time-restricted  entry  or 
exit  on  State  for  alley  access.  Each  alley  was  simulated 
separately.  For  almost  all  alleys  under  each  vehicle  con- 
trol policy,  the  results  showed  an  increase  in  the  total 
waiting  time  for  a vehicle  to  make  a delivery. 

6.2  Description  of  Setting 

There  are  six  east-west  alleys  in  the  study  area 
that  have  vehicular  entry  from  State  Street  at  the  present 
time.  They  are:  Couch,  Court,  Calhoun,  Arcade,  Marble 
and  Quincy.  These  are  shown  in  figure  6-1,  numbered  con- 
secutively for  convenience.  Except  for  Quincy,  the  alleys 
are  very  narrow,  15'  to  18'  wide.  This  is  a nominal  width 
and  does  not  account  for  numerous  protrusions  from  build- 
ings which  reduce  the  effective  width.  A standard  18  to 
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20  foot  straight  truck  would  find  it  virtually  impossible 
to  pass  another  one.  In  the  simulation  of  the  alley  traf- 
fic, then,  no  passing  is -allowed  within  the  alleys,  except 
for  Quincy. 

V/ith  some  exceptions  to  be  noted  later,  there  are 
three  policies  for  each  alley  that  are  simulated  and  com- 
pared. They  are  (1)  the  present  conditions,  (2)  alley 
closure  at  State  -Street,  ’ajid  (3)  time -restoicted  alley 
entry/exit  on  State.  The  time  restrictions  during  which 
no  truck  would  be  allowed  to  enter  State,  either  from  a 
cross  street  or  from  an  alley,  would  be  designated  to 
avoid  the  peak  hours  of  bus  traffic  in  the  morning  and 
evening,  and  pedestrian  traffic  at  lunch  time.  The  time 
restrictions  would  be  from  0700-0930,  1130-1330,  and 
1530-1800. 

With  the  implementation  of  this  policy,  the  exis- 
ting distribution  of  arrival  rates  throughout  the  day  may 
change,  as  the  carriers  adjust  to  the  new  restrictions. 

It  is  likely  that -carriers  will  not  arrive  at  0800,  for 
instance,  if  they  know  that  the  restriction  will  not  be 
lifted  until  0930.  What  may  be  observed  is  a clustering 
of  arrivals  at  the  beginning  of  the  non-restricted  period. 
Similarly,  a clustering  of  arrivals  just  prior  to  the 
beginning  of  the  restricted  hours  may  be  noted,  as  car- 
riers attempt  to  get  in  "under  the  wire."  If  a carrier 
has  multiple  deliveries,  some  of  which  are  to  merchants 
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in  the  dovmtown,  but  not  in  the  mall  area,  they  may  be 
performed  during  the  mall  restricted  hours.  This  poten- 
tial change  in  arrival  rates  as  a result  of  the  time  re- 
striction implementation  is  not  accounted  for  in  the 
simulation  model,  as  no  estimate  of  it  could  be  made. 

Closure  of  the  alleys  at  State  would,  except  for 
Quincy,  require  vehicles  to  enter  and  exit  from  the  alleys 
on  Dearborn  Street.  To  avoid  serious  congestion  in  the 
alleys,  it  is  necessary  to  enforce  a queuing  discipline 
that  requires  a vehicle  to  wait  on  Dearborn,  outside  the 
alley,  until  a dock  or  loading  door  becomes  available  for 
him.  In  this  situation,  it  is  possible  for  the  trucks  to 
maneuver  around  one  another  in  the  queue  as  their  partic- 
ular server  becomes  available. 

Generally,  the  present  traffic  flow  in  the  alleys 
is  one-way  from  north  to  south  and  from  east  to  west. 
Although  illegal,  it  is  quite  common  for  a truck  to  exit 
the  "wrong  way"  rather  than  incur  delay  if  the  western 
end  of  the  alley  is  blocked.  For  practical  and  safety 
reasons,  no  truck  is  allowed  to  attempt  backing  in  or 
out  of  an  alley.  This  is  reflected  in  the  simulation 
model . 

From  the  DPW  study  (26)  the  mean  service  time 
for  an  alley  delivery,  at  a loading  door  or  a dock  is 
30  minutes.  This  does  not  include  waiting  time  for 
access  to  a server  or  waiting  time  for  alley  exit  upon 


completion  of  the  delivery.  These  latter  two  quantities 
are  separately  tabulated  in  the  simulation  run. 

The  model  does  not  account  for  any  /additional 
cruising  time  that  a truck  may  incur  as  a result  of  in- 
creased traffic  on  cross  streets,  nor  does  it  consider 
congestion  effects  on  Dearborn  caused  by  a queue  waiting 
for  alley  entry. 

The  arrival  rate  X,  in  units  of  number  of  arrival 
per  hour,  for  each  alley  is  shown  in  table  6-1,  The  ar- 
rival rates  were  obtained  from  (26).  The  mean  inter- 
arrival times  Tg  were  calculated  and  converted  to  seconds 
for  use  in  the  simulation  model.  The  arrival  rate  was 
assumed  to  go  to  zero  after  1800. 

6.3  Alley  #l--Couch 

The  policy  of  closure  at  State  is  not  feasable 
here,  as  the  alley  has  no  docks  at  which  the  turning  move 
ment  could  take  place.  Figure  6-2a  depicts  the  vehicular 
flow  in  the  alley  as  it  is  at  present.  Vehicles  proceed 
south  bound  on  State  and  enter  the  east  end  of  the  alley. 
The  exit  onto  Dearborn  and  proceed  north  bound.  There 
are  three  loading  doors  that  are  serviced  by  the  alley, 
two  on  the  south  and  one  on  the  north.  Trucks  that  ser- 
vice these  doors  occupy  space  at  Sj , S2,  and  at  S3  while 
doing  so.  Additionally,  there  is  sufficient  space 
$22)  for  two  trucks  to  queue  in  the  alley  while  waiting 
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Arrivals 
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to.  service  at  S2  or  S3  or  while  waiting  for  alley  exit 
upon  completion  of  service  at 
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Figure  6-2a.  Present  Conditions  Alley  #1,  Couch 

Trucks  first  queue  on  State,  and  are  able  to  manT- 
euver  around  one  another  if  the  destination  loading  door 
of  a particular  arrival  opens  up  prior  to  the  one  for  the 
trucks  ahead  of  him  in  the  queue.  Thus  alley  entry  is 
not  strictly  first  come  first  served.  A uniform  distri" 
bution  of  loading  door  destinations  was  assumed,  as  no 
better  estimate  was  available.  Once  a truck  has  entered 
the  alley,  however,  there  is  insufficient  alley  width  for 
passing  to  take  place.  This  results  in  congestion  effects. 

For  example,  if  three  trucks  arrived  in  rapid  succession 

and  were  waiting  for  the  door  at  S2  to  become  free  they 
would  occupy  space  Sn,  ^21*  ^1*  ^ truck  arriving 

for  delivery  at  would  not  be  able  to  enter  the  alley 

and  perform  the  delivery  function,  even  though  the  door 
at  Sj  is  not  in  use. 
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The  vehicular  flow  for  the  time -restricted  exit 
policy  is  shown  in  figure  6-2b.  Trucks  would  now  queue 
on  Dearborn  and  enter  the  alley  from  the  west.  As  in  the 
present  case,  a uniform  distribution  of  arrivals  to  load- 
ing door  destinations  is  assumed.  Trucks  would  exit  only 
during  the  non-restricted  hours  by  crossing  State,  and 
departing  through  the  larger  alley,  Benton.  This  restric- 
ted crossing  is  to  preserve  the  pedestrian  environment 
on  ti  e mall . 


Figure  6-2b.  Time  Restricted  Policy  Alley  #l--Couch 

A comparison  of  the  results  of  simulation  runs  of 
the  present  conditions  and  the  time -restricted  exit  policy 
is  shown  in  Table  6-2.  As  might  be  expected,  the  imposi- 
tion of  a policy  of  time-restricted  exit  will  increase  the 
waiting  time  for  trucks  to  depart  the  alley.  The  blockage 
caused  by  this  time  restriction  will  cause  trucks  to  "back 
up"  in  the  alley,  blocking  the  loading  doors,  and  increase 


the  waiting  time  for  entry  to  the  alley  as  well.  This 
increase  in  total  average  delay  amounts  to  41,8  minutes 
per  delivery. 
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Table  6-2 

Simulation  Results  Alley  #1- -Couch 


Mean  No. 

Mean  time 

Mean  Time 

Total  Avg. 

Policy 

Vehicles 

Entry  Queue 

Exit  Queue 

Delay 

present 

16 

49.2 

7.8 

57 

time  restr. 

14 

60.6 

38.2 

98.8 

6,4  Alley  #2--Court 

The  present  flow  of  delivery  vehicles  is  shown  in 
figure  6-3a-  Vehicles  queue  on  State  and  in  the  alley  east 
of  the  dock  pair  at  Sj.  There  is  sufficient  space  for  the 
vehicles  to  maneuver  around  one  another  in  the  vacant  lot 
if  a truck's  destination  dock  becomes  available.  The  alley 
contains  one  loading  door  and  two  dock  pairs  for  two  dif- 
ferent retailers.  The  north-south  alley  is  of  insufficient 
width  to  permit  use  by  trucks.  A vehicle  at  one  of  the 
docks  will  not  block  passage  past  that  dock  by  another  ve- 
hicle. A vehicle  at  the  loading  door,  Sj^,  will  effectively 
block  entry  and  exit  to  the  west  docks,  S2.  If  alley  traf- 
fic flow  is  observed,  a vehicle  at  Sj  would  also  obstruct 
exit  from  the  alley  for  a vehicle  from  the  east  docks,  S3, 


^2 


as  well.  In  actual  practice,  however,  a truck  which  has 
completed  its  delivery  at  S3  will  not  wait  for  Sj  to  fin^ 
ish,  but  will  use  the  vacant  lot  to  maneuver  around  the 
trucks  in  the  queue  and  will  exit  the  alley  the  "wrong  way" 
on  to  State.  For  purposes  of  analysis  of  present  condi- 
tions, a vehicle  at  Sj^  will  interfere  with  neither  entry 
to  nor  exit  from  S3. 


S,  Si 


Figure  6-3a.  Present  conditions  Alley  #2  Court 

There  is  little  information  available  on  the  desti- 
nation dock  or  door  of  a vehicle  entering  the  alley.  The 
distribution  of  destinations  is,  however,  an  important  par^ 
ameter  of  the  analysis.  Figure  6-3a  illustrates  how  the 
percentage  of  vehicles  that  are  delivering  to  the  loading 
door  can  have  a significant  effect  upon  the  delay  time  for 
entry  to  and  exit  from  the  west  docks.  Estimates  of  vehi- 
cles using  the  loading  door  range  from  301  to  40%  of  the 
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total  number  of  vehicles  entering  the  alley,  somewhat 
above  the  20%  that  one  would  assume  if  there  was  a uniform 
distribution  among  the  5 available  loading  spaces.  In  an 
attempt  to  determine  this  impact,  the  number  of  vehicles 
destined  for  the  loading  door  was  varied  from  20%  to  50% 
of  the  total  number  entering  the  alley  for  the  present, 
the  closure,  and  the  time  restricted  policies.  The  re- 
maining vehicles  wero  uniformly  distributed  between  $2 
and  S3  as  both  of  these  service  retail  food  establish- 
ments of  approximately  the  same  size. 

The  traffic  pattern  in  the  alley  under  conditions 
of  closure  at  State  is  shown  in  figure  b-Sb.  Under  this 
policy,  alley  entry  and  exit  for  all  servers  is  blocked 
by  vehicles  at  S^,  the  loading  door.  Vehicles  using  the 
loading  docks  can  use  the  docking  maneuver  to  turn  around 
and  depart  from  the  west  end  of  the  alley.  Vehicles  using 
the  loading  door  must  pull  past  the  docks  upon  completion 
of  the  delivery,  use  the  vacant  lot  for  the  turning  maneu- 
ver, and  then  exit  from  the  west  end  of  the  alley.  Vehi- 
cles will  queue  on  Dearborn  for  entry  to  the  alley. 

At  this  time,  development  of  the  lot  is  under 
consideration.  If  a building  is  constructed  on  the  lot, 
the  delivery  door  vehicles  will  no  longer  have  a turnaround 

I 

Source:  Personal  communication  with  personnel 
from  the  retailer  whose  deliveries  are  received  at  the 
loading  door,  . 


and,  will  be  forced  to  exit  onto  State  Street.  The  vehi- 
cles serving  the  loading  docks  will  still  be  required  to 
enter  and  exit  from  the  west  end  of  the  alley.  (See 
figure  6- 3c).  East  of  S3,  there  is  adequate  space 
^12 » ^13^  three  vehicles  waiting  for  alley  exit  onto 
State.  If  all  three  are  full,  the  vehicle  at  S2  will  be 
unable  to  pull  forward,  and  all  servers  will  be  blocked. 


Figure  6-3b.  Closure  at  State  Alley  #2  Court 


Figure  6-3c.  Time  Restricted  Exit  Alley  #2  Court 


1 

i 
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The  results  of  the  simulation  runs  of  this  alley 
for  the  present  conditions,  State  closure,  and  time-re- 
stricted exit  policies  with  the  percentage  of  vehicles 
destined  for  the  loading  door  ranged  from  201  to  50% 
are  shown  in  Table  6-3. 


Table  '6-3 

Simulation -Results  Alley  #2  Court 


Policy 

Mean  No. 
Vehicles 

Mean  Time 
Entry  Queue 

Mean  Time 
Exit  Queue 

Total  Avg. 
Delay 

present  20% 

47 

17.9 

14.7 

32,6 

present  30% 

43 

40.1 

42.0 

82.1 

present  40% 

50 

88.1 

100.3 

188.4 

present  50% 

49 

124.2 

143.7 

267.9 

closure  20% 

47 

28.4 

15.0 

43.4 

closure  30% 

43 

80.4 

46.5 

126.9 

closure  40% 

50 

117.6 

100.9 

218.5 

closure  50% 

48 

164.31 

144.8 

309.1 

time  restr. 

20% 

47 

35.3 

59.8 

95.1 

time  restr. 

30% 

43 

85.0 

82.1 

167.1 

time  restr. 

40% 

49 

119.2 

132.1 

251.5 

time  restr. 

50% 

49 

185.9 

183.8 

369.7 

Under  all  policies,  the  percentage  of  vehicles 
that  must  use  the  loading  door  is  indeed  a critical  number. 
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In  addition,  it  is  of  some  importance  in  interpreting 
these  results  to  know  the  arrival  pattern  through  the 
course  of  the  day  for  each  of  the  three  servers  them- 
selves, instead  of  an  aggregate  for  the  entire  alley. 

For  example,  the  distribution  of  the  50%  of  the  vehi- 
cles to  the  door  is  assumed  uniform  throughout  the  day. 

If  in  fact  those  50%  entered  mostly  in  the  afternoon, 
and  the  vehicles  destined  for  the  docks  entered  mostly 
in  the  morning,  a different  picture  might  be  painted, 
as  a difference  in  congestion  effects  would  exist. 

With  presently  available  information,  the  in- 
crease in  time  to  make  a delivery  (Total  Average  Delay) 
over  the  present  situation  is  estimated  to  range  from 

10.8  minutes  for  the  closure  policy  and  62.5  minutes 

A 

for  the  time -restricted  exit  policy  with  20%  of  vehicles 
going  to  loading  door,  to  41.2  minutes  for  closure  and 

101.8  for  time  restricted  exit  with  50%  of  the  vehicles 
going  to  the  loading  door. 

6.5  Alley  #3--Calhoun 

The  existing  vehicle  flow  for  alley  #3  is  shown 
in  figure  6-4a.  At  first  glance,  it  may  seem  similar 
to  alley  #2;  however,  there  are  some  important  differ- 
ences. Vehicles  queue  in  the  alley  for  service,  and  the 
queue  extends  on  to  State.  Vehicles  queue  in  the  alley 
in  order  of  arrival  and  there  is  insufficient  alley  width 
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to  permit  one  to  maneuver  around  another.  A truck  may  not 
move  up  in  line  until  the  space  in  front  of  it  is  cleared. 
There  is  space  for  three  vehicles  to  queue 

in  the  alley.  When  a vehicle  has  reached  the  head  of  the 
line,  it  mi*st'Wait  in  place  imtil  its  server  opened  up. 


Figure  6-4a.  Present  Conditions  Alley  #3  Calhoun 

There  are  four  docks  and  one  loading  door  in  the 
alley.  There  is  also  a little  used  loading  zone  on  the 
northern  side  of  the  alley  to  the  west  of  Sj^.  The  four 
docks  serve  the  same  retail  building.  A vehicle  at  the 
loading  door,  S^,  will  block  entry  and  exit  for  one  dock 
pair,  S2.  Entry  to  the  other  dock  pair,  S3,  is  not  blocked 
by  Sj^.  A vehicle  completing  service  at  S3  will  attempt  to 
exit  the  "wrong  way",  if  S^  is  blocking  the  western  exit, 
and  if  there  is  no  queue  in  the  eastern  end  of  the  alley. 
Otherwise,  it  must  wait  in  place  for  Sj^  to  clear. 
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The  four  docks  were  simulated  as  parallel  servers, 
with  the  exception  that  entry  was  attempted  at  dock  pair 
first,  before  testing  if  S2  was  full. 

The  vehicular  flow  under  the  closure  policy  is 
shown  in  figure  t(-4b.  A .ehicle  at  Sj  the  loading  door, 
will  block  both  entry  and  exit  for  all  dock  vehicles,  thus 
the  four  docks  are  simulated  as  four  parallel  servers. 

Dock  vehicles  can  turn  around  through  the  docking  maneuver. 
Loading  door  vehicles  can  back  a short  distance  to  the 
loading  zone  and  turn  around,  or  use  an  empty  dock  at  S2 
if  it  is  available.  Vehicles  will  queue  for  alley  entry 
on  Dearborn,  and  will  not  be  perm.itted  to  enter  until 
there  is  a server  open  for  them.  If  the  server  opens  up 
for  a vehicle  not  at  the  head  of  the  queue,  that  vehicle 
can  maneuver  around  trucks  in  front  of  it. 
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Figure  6- 4b.  Closure  at  State  Alley  #3  Calhoun 
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The  possibility  exists  that  permission  may  not  be 
obtained  to  utilize  the  loading  zone  or  one  of  the  loading 
docks  as  a turnaround  for  ■fehe  loading  door  vehicles.  If 
this  occurs,  a policy  of  time-restricted  exit  would  be  im- 
plemented for  the  loading  door  vehicles  only.  (See  figure 
6-4c),  The  vehicles  serving  the  loading  docks  will  still 
be  required  to  enter  and  exit  from  the  west  end  of  the 
alley.  There  are  three  spaces  ^i2»  vehi- 

cles to  queue  to  exit  to  State.  When  these  three  are 
occupied,  the  vehicle  in  S]^  is  blocked,  and  thus,  all 
servers  are  blocked. 


Figure  6-4c.  Time— Restricted  Exit  Alley  #3  Calhoun 

The  percentage  of  the  total  vehicles  entering  the 
alley  whose  destination  is  the  loading  door  will  have  a 
critical  effect  upon  the  operation  of  the  alley.  Little 
information  is  available  on  which  to  base  estimates  of 
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this  percentage.  For  the  present,  the  closure,  and  the 
time  restricted  policies,  simulation  runs  were  made  with 
the  percentage  o£  20%  and  at  30%.  The  results  are  shown 
in  table  6-4. 

Table  6-4 

Simulation  Results  Alley  #3  Calhoun 


Policy 

Mean  No . 
Vehicles 

Mean  Time 
Entry  Queue 

Mean 

Exit 

Time 

Queue 

Total  Avg. 
Delay 

present-20% 

68 

127.9 

32. 

0 

159,9 

present-30% 

68 

191.7 

66. 

9 

258.6 

closure-20% 

68 

82.3 

51. 

2 

133.5 

closure- 30% 

68 

159.8 

118. 

5 

278.3 

time  restr. 

20% 

68 

89.2 

86. 

7 

175.9 

time  restr. 

30% 

69 

179.1 

160. 

0 

339.1 

Note  that  the  total  average  delay  for  the  20%  case 
drops  26  minutes  from  the  present  situation  to  the  closure 

\ 

\ case.  This  is  a result  of  the  mean  time  in  the  entry  queue 

being  the  highest  for  the  present  conditions,  due  to  the 
queuing  discipline  involved.  Presently,  vehicles  queue  in 
the  alley  on  the  order  in  which  they  arrive.  For  a vehicle 
not  at  the  head  of  the  queue,  no  maneuvering  is  allowed  in 
the  confines  of  the  alley  for  him  to  access  his  server  if 
it  opens  up.  This  truck  cannot  move  up  until  the  vehicle 
in  front  of  him  has  occupied  his  respective  server. 
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This  is  not  the  case  with  either  the  closure  or 
the  time  restricted  exit  policies.  Since  the  vehicles 
in  both  these  cases  queue  on  Dearborn  for  alley  entry 
(and  can  maneuver),  and  no  entry  is  permitted  unless  a 
server  is  open,  the  congestion  effects  observed  in  the 
present  situation  do  not  take  place. 

6.6  Alley  #4--Arcade 

The  existing  vehicular  flow  for  this  alley  system 
is  shown  in  figure  6-5.  There  are  two  north-south  alleys 
in  this  block,  the  easternmost  of  which  serves  the  re- 
tailers facing  State  Street.  This  alley  has  two  loading 
doors  in  the  northern  half  of  the  block,  and  one  loading 
door  and  one  dock  pair  on  the  southern  half  of  the  block. 


Figure  6-5.  Present  Conditions  Alley  #4- -Arcade 
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The  decision  was  made  not  to  simulate  this  alley 
for  three  reasons.  First,  the  number  of  vehicles  entering 
Arcade  from  State  Street  was  the  lowest  of  all  the  alleys 
in  the  study.  Second,  on  site  observation  by  the  author 
noted  in  a short  period  of  time  serveral  vehicles  using 
Arcade  as  a ’’short-cut"  between  State  and  Dearborn.  Third, 
the  loading  doors  and  docks  that  serve  the  retailers  on 
State  Street  are  accessed  by  the  north-south  alley. 

It  does  not  seem  that  closure  of  State  Street  will 
severely  impare  delivery  vehicles  making  off-street  deliv- 
eries to  this  block.  The  two  loading  docks  at  the  west 
end  of  the  alley  can  be  accessed  from  Dearborn.  As  the 
cross  streets  will  remain  open,  access  to  the  north-south 
alleys  will  remain  as  at  present.  Therefore,  this  alley 
was  not  simulated. 

6.7  Alley  #5--Marble  Place 

The  present  vehicular  flow  is  shown  in  figure  6-6a. 
There  are  two  straight  loading  docks  and  four  angled  docks 
in  the  alley,  all  of  which  serve  the  same  retailer.  One 
of  the  docks,  however,  is  occupied  all  day  by  a trailer 
which  is  dropped  off  at  night;  thus  only  five  docks  are 
available  for  daytime  usage.  All  trucks  entering  the 
alley  are  destined  for  this  establishment,  and  the  alley 
was  treated  as  having  five  parallel  servers.  Of  special 
note  here,  is  the  fact  that  four  docks  are  angled  in  such 


a manner  so  as  to  require  a vehicle  to  approach  from  the 
east  before  backing  into  the  dock. 


MONROE 


DEARBORN 


" V "TI  ‘ 




STATE 


Figure  6-6a.  Present  Conditions  Alley  #5  Marble 

Trucks  queue  in  the  alley,  and  onto  State  without 
blocking  any  servers.  Alley  entry  and  the  delivery  func- 
tion are  performed  on  a first  come,  first  served  basis. 

The  nature  of  the  angled  docks  would  preclude 
closure  of  the  alley  at  State,  requiring  both  entry  and 
exit  from  Dearborn,  unless  some  provision  is  made  for  the 
turning  movement  of  the  trucks.  One  proposal  to  accomo- 
date this  is  shown  in  figure  6-6b.  The  building  facing 
State  on  the  north  side  of  the  alley  would  be  acquired, 
and  demolished,  and  the  land  used  as  a turnaround.  Vehi- 
cles would  queue  on  Dearborn,  and  entry  to  the  alley 
would  not  be  permitted  unless  there  was  a dock  available. 
This  queuing  discipline  with  the  closure  policy  would 
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result  in  the  same  observed  delay  times  (ignoring  the  addi- 
tional time  to  maneuver  the  truck  in  the  turnaround  area) 
as  the  present  conditions.  Thus,  the  results  of  the  sim- 
ulation run  for  the  present  conditions  adequately  describes 
the  closure  case  as  well.. 

STATE 


Figure  6-6b.  Closure  at  State  Alley  #5  Marble 


The  remaining  alternative  is  the  use  of  the  time- 
restricted  entry  policy.  In  this  situation,  the  vehicular 
flow  would  be  the  same  as  for  the  present  conditions  as 
shown  in  figure  6 -6a,  but  entry  to  State,  and  subsequent 
entry  to  the  alley,  would  not  be  permitted  during  the  re- 
stricted hours.  Trucks  would  queue  on  Monroe,  the  cross 
street  on  the  northern  edge  of  the  block,  while  waiting 
for  the  time  restrictions  to  be  lifted.  The  possible 
interference  here  with  the  trucks  using  the  cross  street 
loading  zones  is  not  accounted  for  in  the  model. 


Simulation  runs  of  the  alley  for  the  time -restricted 
entry  policy  and  the  present  conditions  (describing  the 
closure  case  as  well)  are  shown  in  Table  6-5.  The  impo- 
sition of  a time -restriction  on  entry  of  vehicles  causes 
an  increase  in  average  waiting  time  of  70.1  minutes  per 
delivery. 


Table  6-5 

Results  of  Simulation  Alley  #5 'Marble 


Policy 

Mean  # Vehicles 

Mean  Time  Entry  Queue 

present 

76 

29.8 

time  restr. 

92 

99.9 

6.8  Alley 

#6- -Quincy  Street 

Quincy  Street  is  the  only  dead-end  alley  off  of 
State.  Complete  closure  would  be  infeasible,  as  it  would 
leave  no  access  whatsoever  to  the  loading  doors  and  zones 
in  this  alley.  One  closure  possibility  is  a policy  of  time 
restricted  access  across  the  Federal  Building  plaza;  how- 
ever, the  General  Services  Administration  (GSA)  opposes 
this  solution.  If  it  were  permitted,  the  time-restriction 
to  avoid  pedestrian  peak  flows  would  be  essentially  the 
same  as  for  the  time-restricted  entry/exit  to  State.  A 
trade-off  in  the  decision  between  access  across  the  plaza 
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and  access  through  State  is  the  degradation  o£  the  pedes- 
trian environment  that  would  occur  in  either  case.  One 
could  speculate  that  the  retailers  on  State  would  prefer 
to  maintain  the  environment  on  the  mall  for  their  cus- 
tomers, rather  than  the  environment  for  the  pedestrian 
having  business  in  the  Federal  Building.  In  either  case, 
however,  the  time -restricted  access  would  have  the  same 
effect  upon  delivery  vehicles. 

As  shown  in  figure  6-7,  there  is  space  for  seven 
delivery  vehicles  in  this  alley,  although  illegally  parked 
autos  can  reduce  this  number.  There  is  sufficient  maneu- 
vering room  for  the  trucks  to  enter  and  exit  independently. 
With  no  data  on  the  number  of  vehicles  destined  for  each 
establishment,  the  alley  was  treated  as  having  seven  par- 
allel servers. 


Figure  6-7.  Present  Conditions  Alley  #6  Quincy 
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As  closure  is  not  feasible,  a policy  of  time-re- 
stricted entry  and  exit  to  the  alley  is  proposed.  Vehicles 
would  queue  for  entry  to  State  on  Adams,  a one-way  cross 
street  on  the  northern  edge  of  the  block.  Entry  would  be 
on  a first  come,  first  served  basis,  and  would  not  be  per- 
mitted unless  .a  server  were  available.  Vehicles  would 
have  to  remain  in  place  in  the  alley  when  the  time-restric- 
tion was  in  erffect. 

Table  6-6  presents  the  results  of  simulation  runs 
for  the  present  and  the  time-restricted  situations.  Under 
present  conditions,  there  is  no  exit  queue;  upon  comple- 
tion of  its  delivery,  a vehicle  departs.  The  time-restric- 
tion policy  increases  the  total  average  delay  by  70.6  min- 
utes per  delivery. 


Table  6-6 

Simulation  Results  Alley  #6  Quincy 


Mean  No. 

Mean  Time 

Mean  Time 

Total  Avg. 

Policy 

Vehicles 

Entry  Queue 

Exit  Queue 

Delay 

present 

81 

11.6 

0.0 

11.6 

time  restr 

. 67 

60.0 

22.2 

82.2 

6.9  Simulation  Results  and  Summary 

Five  east-west  alleys  were  modeled.  Each  alley  has 
a unique  combination  of  servers  and  congestion  problems. 
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Alley  #4,  Arcade,  was  not  simulated,  as  it  has  a low  vol- 
ume of  delivery  vehicles  and  the  existing  data  on  vehicles 
entering  the  alley  includes  both  trucks  making  deliveries 
and  those  simply  going  through.  Generally,  three  policies 
were  simulated  for  each  alley;  (1)  present  conditions, 

(2)  closure  of  the  alley  at  State  Street,  and  (3)  time 
restricted  entry  or  exit  on  State  for  alley  access.  The 
time-restrictions  were  designed  to  avoid  the  presence  of 
trucks  on  the  mall  during  peak  transit  and  pedestrian  use. 

As  the  destination  server  was  not  known  in  most 
cases  for  vehicles  entering  each  alley,  a uniform  distri- 
bution among  servers  was  assumed.  Due  to  the  critical 
nature  of  alley  obstruction  by  a vehicle  at  the  loading 
door  in  alley  #2  and  alley  #3,  the  percentage  of  vehicles 
destined  for  each  of  these  varied  over  a range  to  test  the 
sensitivity  of  that  assumption. 

Determination  of  the  number  of  simulation  runs  re- 
quired for  each  alley  under  each  policy  was  made  using  the 
techniques  discussed  in  chapter  4 . The  confidence  inter- 
val and  level  for  the  mean  wait  time  was  initially  set  at 
4 minutes  and  90%.  This  proved  infeasible  for  policies 
where  the  variance  of  the  observed  waiting  times  was  large. 
The  number  of  simulation  runs  required  for  these  would 
have  been  in  excess  of  a thousand.  Since  the  budget  con- 
straint on  computer  time  was  a factor,  the  interval  was 
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widened  and  the  confidence  level  reduced  in  some  cases. 

The  results  for  each  alley  simulated  are  sumaarized  in 
Table  6-7.  Alley  closure  is  infeasible  for  alleys  1 and 
6.  There  will  be  no  change  in  costs  for  deliveries  in 
alley  #5  as  a result  nf  closure,  due  to  the  vehicular  flow 
involved.  The  cost  per_delivery  in  alley  #3,  with  the 
assumption  of  20%  of  vehicles  entering  the  alley  going  to 
the -door,  actually  is  less  under  the  closure  policy.  This 
is  due  to  the  queuing  discipline  observed  under  this  policy 
and  subsequent  reduction  of  congestion  within  the  alley. 
Under  the  30%  assumption,  the  increase  is  less  than  it 
might  otherwise  have  been.  Alley  #2's  deliveries  will 
experience  an  increase  in  costs  under  all  assumptions  as 
to  the  percent  of  delivery  door  vehicles. 

The  time-restricted  entry/exit  to  Stc*’.e  imposes 
the  most  severe  cost  increases  on  all  of  the  alleys.  Again, 
the  increased  cost  for  alley  #3  may  be  less  than  it  might 
otherwise  have  been,  due  to  the  change  in  queuing  discipline 
observed.  It  is  interesting  to  note  that  the  policy  of 
time  restriction  of  delivery  vehicles  is  most  often  put 
forth  as  the  quickest  and  easiest  policy  to  implement. 

The  perceived  social  costs  of  delivery  vehicles  may  be 
reduced,  but  significant  costs  are  transferred  to  the 
carriers . 


Simulation  Results  for  Off-street  Deliveries 
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Chapter  7 


Alternatives  to  Increased  Costs 

7.1  Introduction 

The  State  Street  transitway  is  going  to  be  built, 
and  th-  vehicle  control  policies  discussed  in  previous 
chapters  will  be  implemented.  The  simulation  models  for 
the  on-  and  off-street  deliveries  have  shown  that  there 
is  going  to  be  an  increase  in  the  time  to  make  a delivery. 
Since  the  amount  of  man-hour  and  truck-hour  input  necessary 
to  produce  a delivery  will  go  up,  the  cost  function  will 
increase  for  the  carriers.  The  carrier  will  increase  the 
price  (rate)  he  charges  to  make  a delivery  to  the  retailer. 

7.2  Policy  Changes 

The  actual  physical  acts  involved  in  making  a de- 
livery, i.e.,  the  unloading  of  the  goods,  the  signing  of 
the  bills  of  lading,  etc.,  have  not  experienced  an  increase 
in  time,  except  in  the  situation  with  the  cross-street 
loading  zones,  where  now  the  driver  must  walk  farther  to 
make  his  delivery.  The  percentage  of  the  total  time  (wait 
time  plus  actual  physical  unloading  time)  that  is  devoted 
to  idle  waiting  has  increased  under  the  vehicle  control 
policies.  The  key  is  to  propose  some  policy  or  some 
facility  which  will  enable  a carrier  to  reduce  this  idle 
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time.  The  obvious  trade-off  is  between  the  cost  of  such 
a scheme  and  the  costs  of  performing  deliveries  under 
the  vehicle  control  policies. 

One  could  approach  this  attempt  to  reduce  costs 
on  a Jj lock  by  block  or  an  alley  by  alley  basis.  A simple 
example  is  the  very  sharp  increase  in  waiting  time  that 
is  observed  on  block  number  one.  This  could  be  reduced 
by  the  provis^ion  of  a third  loading  zone  servicing  this 
block.  Another  example  is  the  interference  and  congestion 
caused  by  the  vehicles  delivering  to  the  loading  doors  in 
alleys  #2  and  #3.  It  has  been  shown  that  the  number  of 
vehicles  destined  for  these  doors  can  have  a significant 
effect  upon  the  waiting  times  for  almost  all  the  other 
vehicles  entering  these  alleys.  If  the  distribution  of 
arrivals  to  the  door  and  the  docks  individually  were 
known  for  each  of  these  alleys,  it  might  be  possible  to 
schedule  the  arrivals  for  these  so  as  to  off-set  the  peaks 
of  both. 

This  type  of  approach,  although  having  some  merit, 
is  piecemeal  and  does  not  permit  one  to  view  the  problem 
in  its  entirety.  As  discussed  above,  a means  is  needed  to 
keep  the  idle  time  of  the  carriers  to  a minimum.  Various 
technological  innovations  have  been  proposed  to  facilitate 
distribution  of  goods  from  the  delivery  vehicle  to  the  re- 
tailer in  downtown  areas.  These  include  tube  systems. 


conveyors,  etc.,  all  of  which  are  automated  to  a high 
degree.  Implementation  of  any  of  these  concepts  would 
require  a massive  capital  investment  to  provide  the  in- 
frastructure. They  will  not  be  discussed  here. 

7.3  Consolidated  Receiving  Facility 

With  present  technology,  there  is  at  least  one 
proposal  that  would  serve  to  reduce  the  carrier's  time 
to  make  a delivery  under  the  vehicle  control  policies. 
This  would  be  the  provision  of  a consolidated  receiving 
facility  contiguous  to  the  mall  for  deliveries  to  all  but 
the  largest  retailers  on  the  mall.  The  larger  retailers 
already  consolidate  smaller  shipments  into  larger  ones 
for  their  downtown  stores  to  a great  degree.  This  re- 
ceiving facility  could  be  compared  to  the  central  re- 
ceiving room  of  a large  industrial  plant.  The  problem 
then  becomes  one  of  physical  distribution  of  goods  to 
individual  retailers  in  a controlled  environment,  i.e., 
the  mall  area.  If  the  facility  were  properly  sized,  it 
would  serve  to  reduce  the  idle  time  of  the  carriers 
through  quick  in  and  out  service.  It  is  conceivable 
that  the  times  might  even  be  less  than  those  observed 
under  present  conditions.  The  internal  distribution  of 
goods  from  the  central  receiving  facility  could  be  per- 
formed by  smaller,  perhaps  electrically  powered  vehicles 
that  could  share  the  pedestrian  right  of  way.  These 
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smaller  vehicles  would  make  scheduled  runs  to  each  block; 
the  number  of  vehicles  and  frequency  of  runs  could  be 
plnnned  with  presently  available  information  on  the  re- 
quirements of  each  "retailer . Since  the  operation  of  the 
facility  and  the  redistribution  of  goods  would  be  under 
the  control  of  a single  manager  responsive  to  the  re- 
tailers, a more  uniform  rate  of  arrival  of  goods  at  the 
individual  retailer  could  be  achieved. 

The  trade-off  here  is  between  the  cost  to  the 
carriers  of  operation  under  the  vehicle  control  policies 
with  the  present  facilities,  and  the  construction  and 
operation  of  the  central  receiving  facility  scheme.  As 
calculated  from  the  results  in  table  6-2,  the  increased 
cost  as  a result  of  diversion  of  curb  side  deliveries  to 
cross  street  loading  zones  would  be  over  $7,000  per  week 
for  the  study  area.  The  simulation  results  for  the  alley 
deliveries  in  table  7-7  show  an  increased  cost  to  the 
carriers  of  $14,000  to  $30,000  per  week,  depending  upon 
the  policy  evaluated  and  the  assumptions  concerning  the 
loading  doors  in  alleys  #2  and  #3.  If  these  increased 
costs  are  thought  of  in  terms  of  increased  rates  to  the 
retailer,  the  concept  of  a consolidated  receiving  facil- 
ity becomes  attractive. 

In  considering  the  dollar  value  given  to  the 


results  alone,  one  must  be  wary  of  using  them  directly 
in  a cost/benefit  analysis  to  justify  such  a facility. 
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They  are  indicative  of  the  magnitude  of  the  cost  increases 
to  the  carrier,  but  this  is  over  a very  short  time  span. 

To  compare  these  directly  with  long  range  investment  in 
a fixed  facility  could  result  in  erroneous  interpretations 
of  the  results.. 
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Chapter  8 


SUMMARY  AND  CONCLUSIONS 

8 . 1 Summary 

This  thesis  has  investigated  the  cost  impacts  to 
carriers  resulting  from  two  vehicle  control  policies  that 
could  be  used  to  direct  the  flow  of  delivery  vehicles 
which  service  downtown  shopping  malls.  These  control 
policies  were  complete  delivery  vehicle  prohibition  from 
the  mall  and  time-restricted  access  by  delivery  vehicles 
upon  the  mall.  Most  studies  to  date  have  proposed  con- 
trol policies  as  means  of  reducing  perceived  social  costs 
of  truck  pick  up  and  delivery  operations.  Relatively 
little  consideration  has  been  given  to  the  costs  that 
the  carriers  would  incur  if  these  policies  were  intro- 
duced. The  proposed  State  Street  transitway/mall  in 
Chicago  was  selected  as  a case  study  to  evaluate  the 
cost  impacts  of  these  policies. 

Imposition  of  a vehicle  control  policy  will  cause 
an  increase  in  the  amount  of  time  necessary  to  make  a 
delivery  and  will  shift  the  carrier's  short  run  marginal 
cost  curve  upward.  As  there  is  no  rate  regulation  of 
local  cartage  companies  in  the  Chicago  Commercial  Zone, 
a carrier  will  be  able  to  increase  the  rate  he  charges 
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for  a delivery  to  the  retailer.  At  the  same  time,  the 
expected  increase  in  retail  sales  as  a result  of  the  mall 
construction  may  increase  the  retailer's  demand  for  de- 
liveries. The  cost  of  time  was  approximated  by  the  man- 
hour cost  to  the  carrier. 

A queuing  model  was  constructed  in  order  to  show 
the  increased  time  it  takes  to  make  deliveries  under  the 
proposed  vehicle  control  policies.  The  arrival  data  was 
obtained  from  a study  by  the  Chicago  Department  of  Public 
Works  (26).  A Poisson  arrival  pattern  was  assumed.  The 
service  data  from  the  DPW  study  was  inadequate  for  use 
in  the  queuing  model,  as  no  information  of  the  distribu- 
tion of  service  times  was  collected.  A study  by  the 
Polytechnic  Institute  of  New  York  (9)  had  fitted  a 
gamma  distribution  to  the  delivery  times  observed  at 
different  land  uses  in  Brooklyn.  For  this  thesis,  the 
gamma  service  distribution  for  a land  use  similar  to 
that  of  the  State  Street  area  was  rescaled  to  the  mean 
delivery  times  as  observed  in  Chicago. 

Confidence  intervals  and  levels  were  pre-speci- 
fied  in  determining  the  number  of  simulation  runs  neces- 
sary for  the  models  under  each  policy.  Adjustments  were 
made  for  the  fact  that  the  data  is  auto-correlated. 

In  the  study  area,  two  types  of  deliveries  were 
identified:  on-street  and  off-street.  The  on-street 
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deliveries  were  diverted  to  cross  street  loading  zones. 

Using  the  same  arrival  rate,  simulation  runs  were  made 
for  the  present  curb  side  deliveries  and  the  proposed 
cross  street  deliveries.  Each  block  was  simulated  sep- 
arately,  and  each  showed  an  increase  in  ti»e  to  make  a 
delivery  under  this  policy. 

The  off-street  deliveries  are  made  to  six  east- 
west  ^alleys  in  the  study  -area.  Generally,  three  policies 
were  simulated  for  each  alley:  (1)  present  conditions, 

(2)  closure  of  each  alley  at  State,  and  (3)  time-restricted 
entry  or  exit  to  State  for  alley  access.  The  arrival  rate 
for  a particular  alley  was  used  in  the  simulation  of  that 
alley  under  each  policy,  and  each  alley  was  simulated  sep- 
arately. In  almost  all  cases,  an  increase  in  time  to  make 
a delivery  was  observed  under  the  proposed  vehicle  control 
policies . 

As  a way  to  reduce  these  increased  costs,  two  types 
of  alternatives  were  discussed.  The  first  concerned  changes 
in  policy  to  specific  blocks  or  alleys.  The  second  dealt 
with  the  construction  and  operation  of  a central  receiving 
facility  for  goods  delivery  to  the  mall  retailers.  The 
feasibility  of  these  were  speculated  upon,  but  they  were 
not  simulated. 
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8.2  Conclusions 

The  introduction  of  vehicle  control  policies  to 
the  State  Street  retail  area  will  result  in  significant 
increases  in  the  short  run  marginal  costs  of  the  carriers 
serving  the  area.  The  aggregate  cost  increase  would  be 
over  $7,000  per  week  for  the  carriers  making  curb  side 
deliveries,  and  between  $14,000  and  $30,000  per  week  for 
the  alley  deliveries,  depending  upon  the  policy  evaluated. 
The  potential  exists  for  the  reduction  of  these  increases 
by  means  of  various  adjustments  in  the  policies,  or  per- 
haps through  the  construction  and  operation  of  a central 
receiving  facility  for  all  but  the  largest  retailers. 

The  need  exists  to  confirm  the  validity  of  the  assumptions 
made  in  the  models  through  on-site  observation  in  a sys- 
tematic manner  for  an  extended  period  of  time.  If  this 
is  done,  and  the  observations  conform  to  the  results  of 
the  simulation  runs  for  the  present  conditions,  a strong 
basis  would  be  made  for  discussion  between  the  carriers, 
the  retailers,  and  the  city  of  Chicago  concerning  a cen- 
tral receiving  facility  or  other  method  of  reducing  the 
expected  cost  increases. 
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APPENDIX  A 


NOTATION 

Queuing  Notation 
^ = arrival  rate 
U = service  rate 
p = utilization  factor 
M = number  of  parallel  servers 
L = Mean  number  of  vehicles  in  the  system 
Tg  = 1/X  = mean  inter-arrival  time 
Tg  = l/y  = mean  service  time 

a = shape  parameter  of  the  gamma  distribution 

B = scale  parameter  of  the  gamma  distribution 

Statistical  Notation 

n = number  of  observations  of  waiting  time  in  one  run 
Wj  = the  j th  observation  of  waiting  time  in  one  run 
X = the  sample  mean 
V(X)=  variance  of  the  sample  mean 
V(X)=  true  variance 

s*  = unbiased  estimate  of  the  true  variance 
Vx  ~ true  mean 

Z = standard  normal  variate 

= W = mean  of  the  observations  of  one  run  i 
N = the  number  of  independent  simulation  runs 
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APPENDIX  A (continued) 

Statistical  Notation  (continued) 
a*  = the  variance  of  the  process 
C = damping  constant 

V(W)=  estimate  of  the  true  variance,  corrected  for 
auto -correlation 

a = probability  of  the  sample  mean  X being  outside 
the  specific  interval  about  the  true  mean  Px 


APPENDIX  B 


This  appendix  contains  the  programs  used  to  simulate 
the  on-street  and  off-street  deliveries  in  the  study  area. 
Liberal  use  was  made  of  comment  cards  in  the  programs.  The 
simulation  language  was  GPSS. 

1.  Present  curb  side  deliveries  on  State  Street 

2.  Cross-street  deliveries 

3.  Alley  frl.  Couch,  present 

4.  Alley  #1,  Couch,  time-restricted  exit  across  State 

5.  Alley  #2,  Court,  present 

6.  Alley  #2,  Court,  closure  at  State  Street 

7.  Alley  #2,  Court,  time-restricted  exit  to  State  Street 

8.  Alley  #3,  Calhoun,  present 

9.  Alley  #3,  Calhoun,  closure  at  State  Street 

10.  Alley  #3,  Calhoun,  time -restricted  exit  to  State  Street 

11.  Alley  #5,  Marble,  present 

12.  Alley  #5,  Marble,  time-restricted  entry  to  State  Street 

13.  Alley  #6,  Quincy,  present 

14.  Alley  #6,  Quincy,  time-restricted  entry/exit  to  State 

15.  Calculation  of  the  cumulative  distribution  function 
for  the  gamma  service  times. 
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